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SUMMARY

Resultsof anexploratoryfree-flightinvestigationat zeroliftof
severalrocket-powereddrag-researchmodelshavingrectangular6-Percent-
thickwingssrepresentedfora Machnumberrangeof0.6to 1.7. llings
ofaspectratio2.7havingdimond,circular-arc,andblunt-trailing-
edgeairfoilsectionsweretested.Pressuresweremeasuredonthebase
oftheblunt-trailing-edgeairfoilwhichhada rectangularsectionwith
a ~-percent-chordbeveledleadingedge.Althoughtheblunt-trailing-
edgeairfoilhadhighdragthroughouttheMachnumberrangeinvestigated
becauseofhighbasesuctionpressures,itisbelievedthatthedata
presentedcanbeusedinthedesignofmoreriesrlyoptimumblunt-base
airfoils.Oftheairfoilstested,thecircular-arcsectionhadlowest
dragat high-subsonicspeeds,andthediamondsectionhadlowestdrag
at supersonicspeeds.

INTRODUCTION

A greatdeal.ofresearchhasbeendirectedtowardthedetermination
ofpracticalairfo@ forflightat supersonicspeeds.Themajoreffort
hasbeenconcentratedon sectionshavingrelativelyshsrpleading-and
trailingedges.Considerationhasbeengiven(reference1)to airfoil
sectionshavingbluntorflattrailingedges.Thistypeof section,it
isbelieved,maycombinefavorableaerodynamiccharacteristicswithdesir-
ablestructuralqualities.Thesefavorablecharacteristicsarepossibly
lowerdragforthesamestrength,increasedlift-curveslope,andincreased
controleffectivenessinthe“transonicspeedrange.

‘SupersedesdeclassifiedNACARM L~OE19a,1950.
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Thedesignofsuchwingsectionsdependslsrgelyonthemagmitude

ofthepressuresdevelopdovertheflatbaseofthetrailingedge.In
viewofthescarcityofwingbase-pressuredata,particularlythrough o
thetransonicspeedrange,a f13ghtinvestigationofa rocket-powered
modelhasbeenmadeattheLangleyPilotlessAircraftResearchStation
atWallopsIsland,Vs.,todeterminethepressuresactingoverthebase
ofa rectangularwing. Theresultsofthattestarepresent~inthis
paper.Alsoincludedforcomparativepurposessretestsof rocket-
poweredmcdelshatingidenticalplanfoxmswithdismond
airfoilsections.

Thewingdragpresentedinthispaperincludesthe
ferencedragbetweenwings,body,andstabilizing
presentdfora

Reynoldsnumber
MachnumberramgefromO.6to 1.7
rangefrcm2.8x 106to9.8 x 106
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g accelerationofgravity,32.194feetpersecondpersecond

e anglebetweenmodelcenterlineandhorizontal,degrees

P densityofair,slugspercubicfoot

v measmedvelocity,feetpersecond

T temperatureofair,OFabsolute

s exposedwingarea,squarefeet

MODELS

Thegeneralarrangementofthedrag-researchvehiclesusedinthis
investigationis showninfigures1 to 4. Themodelswerewoodencyl-
inderswithpointedwoodenogivalnosesandwerestabilizedwithfour
thinmetalfinslocatednearthebase. Thebasicmodelconstructionhas
beenalteredonlyfortheblunt-trailing-edgemodel(hereinafterreferred
toastheslab)by theuseofa metalnoseanda cut-offrocketmotorto
allowroomforthebase-pressuretelemeteringequipment.me 6-percent-
thickrectangularwingsofaspectratio2.7werelocatedas shownin
figure4. Theslabmodelhadtwobase-pressureslits0.02by 2.5inches
locatedinthecentralpartofthewingbase. Twomodelseachforthe .
diamondandcircular-arcsectionswereflownandonemodelhavinga blunt-
trailing-edgesectionwasflown.Fourwinglessmodelswerealsoflownin
orderthata wing-alonedrag-coefficientcurvemightbe obtainedas the
differencebetweendragsofthewingedandwinglessmodels.

Themodelswerepropelledby 3.25-inchaircraftrocketmotorswhich
werecontainedwithinthefuselage.

TESTS

ThemodelswereflownatthePilotlessAircraftResearchStation
atWallopsIsland,Va. Thetesttechniqueconsistsessentiallyof
measuringtheradialdistanceofthemodelfromthelaunchingsitewith
respecttotime,ascertainingtheflightpathofthemodel,andofmaking
anatmosphericsurveyatthetimeoffiring.Thesemeasurementsare
takenduringthecoastingperiodof flightbeforemaximumaltitudeis

,.
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Thedatafromthesethreesourcessreusedinthefollowing
todeterminethedragcoefficientCD andMachnuniberM for

a givenmodel: U

CD =
-2W(a+ g sin8)

gpsvp

Theatmosphericquantitiesp and T aremeasuredwithrespectto
altitudeby radiosondeandaretiedintotheflighthistoryofthemodel
by altitude-timemeasurementstakenfromtheSCR584nadartrackingunit.
Theanglee isdeterminedfromthetrajectorydescribedbytheSCR584
unitby assumingthemodeltobe flyingatzerolift.Thevelocityand
accelerationtimehistoriesme reducedfrommeasurementstakenfromthe
CWDopplerradarvelocheterunit. TheDopplerunitfurnishesa time
historyofthestraight-linedistancebetweenthemodelandthelaunchfng
site.Thevelocitycorrectedforflight-pathcurvatureisobtainedfrom
thefirstderivativeofthedistance-thevsriationandaccelerationis
obtainedi%omthederivativeofthecorrectedvelocim-timecurve.The
methodby whichthesetwodifferentiationsareobtainedhasbeenanalyt-
icallydevelopedto itspresentstateofprecision,whichgenerally
resultsina mx.humpossibleveloci~erroroflessthan0.5footper
secondandanaccelerationerroroflessthan3 feetTersecondper
second.At pointsofdiscontinuityorverysharpinflectionsinthe
acceleration-time-historycurve,themethodtendstoreducetheabrupt-
nessofthetruevariations.Thisdistortionisdueto theaveraging
oftheaccelerationoversmallperiodsoftime.Theprobableinaccuracy
inthevaluesofwingdragcoefficientareapproximately*0.002exceptat
theextremeendsof-theMachnumberrange.TheMachnuniberisbelieved
tobe accuratetowithintO.01.

Theslabmodelwasequippedwitha two-channeltelemeterfor
recordingwingbasepressureintwolocations.Theaccuracyofthe
basepressurecoefficientsis estimatedtobe iO.02ata Machnuoiber
of0.800andtO.005ata Machnumberof1.400.

TheaverageReynoldsnuniberof
onwingchord(9.582inches)varied
of0.625up to 9.76x 106ata Mach

..

thefivemodelswithwingsbased
frcxn2.79X 106ata Machnumber
numberof1.735.
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KESUiXSANDDISCUSSION-

A plotofReynolds
coefficientsof thetwo
showninfigure6 along

numberis showninfigure5. Thebasepressure
pressureslitsonthebaseoftheslabwingme
withthebasepressurecoefficientofa bodyof

revolution(reference2)andthelimitingbasepressurecoefficient
(vacuum). Thebase-pressure-coefficientcurveshoweda veryhighsuc-
tionpeakneara Machmmiberof 1.0andshowedgreatersuctionat sub-
sonicthanat supersonicspeeds.Thesebase-pressuremeasurementssre
inagreementwithdatapresentedforthebasesofwedgeairfoilsections
inreferences3 and4. Thedataofreference2,alongwithunpublished
data,indicatedthatthesuctionoverthebaseofa bodyofrevolution
wasmuchlessthanthebasesuctionoftheslabwinginthisinvesti-
gation.Thebase-pressureslitsdidnotnecessarilymeasureaverage
suctionovertheentirebasebecausetheywerelocatedinthecentral
partofthebase. ‘l%etotaldragcoefficientispresentedinfigure7
plottedagainstMachnumberfortheslabmodelandfourwinglessmodels.
Thebasedragcoefficientswereconvertedfrombasepressurecoeffi-
cient,bymultiplyingby thethickness-chordratioandareshownin
figure8 alongwiththeslab-wingdragcoefficientwhichwasobtained
by subtractingthewinglessdragcurvefromtheslabtotal-dragcurve;
alsoshownarethewave-dragcoefficientcalculatedfromreference5 and
thefriction-dragcoefficientcalculatedfromreference6. Exceptabove
M ~ 1.37,thesummationofthebasedragandcomponentdragcoefficients
isindicatedtobe greaterthanthetotalwingdragcoefficients.This
apparentinconsistencymaybe dueto favorableinterferenceeffectsof
thewingonthetailfinswhicharenotpresentforthewinglessmodels
ortothefactthatnegativepressuresmsyetistonthebeveledleading
edgeof theslabat subsonicspeedswhichwouldresultina negative
dragcoefficientof approxhately0.003forthebeveledportionofthe
wing. In addition,thebasedragcoefficientsmeasuredarenotaverage
valuesbutvaluestakenoverthecentralpartofthewingbase. The
blunt-trailing-edgeairfoiltestedwasnotan optimumairfoilsection
sinceithadhighdragthroughouttheMachnumberrangeinvestigated.
However,itisbelievedthatthebase-pressuredatapresentedmaybe
usedinthedesignofmorenearlyoptimumblunt-baseairfoilsandalso
forevaluatingthedragofbluntbasesaddedto controlsforimproving
theirtransoniceffectiveness.

Thetotal-dragcoefficientispresentedinfigure9 plottedagainst
Machnumberforthediamondandcircular-arcconfigurations.Datafor
thewinglessmodelareincludedinorderthatthewingdragcoefficient
maybe found.Figure10 showsbothexpertintalandtheoretical(cal-
culatedfrcmreference7)wingdragcoefficientplottedagainstMach
number.Theexpertientalwingdragcoefficientwasobtainedby sub-
tractingthewingless-bodydrag-coefficientcurvefromthevsrious
winged-configurationcurves.Thetheoreticalpointsagreereasonably

- ..
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wellwithexper~ntalresults.Theexperimentalcurvesshowthatthe
circulsr-=csectionhadthelowestdragbelowa Machnumberofapproxi-
mately1.1. Above M = 1.1,thediamondsectionhadthelowestdrag. v
Theoreticalcalculationsindicatethattheshockwouldbecomeattached
tothenoseofthediamondairfoilat a Machnuniberof1.18.Theslab
wingofthesamethicknesshadmibstantiallyhigherdragthroughoutthe
Machnuniberrangecoveredinthisinvestigation.Thehighersubsonic
base.suctiondiscussedpreviouslymaypartlyexplainwhythedifferences
inhag-coefficientcurve(fig.10)oftheslabcomparedwiththecir-
culararcad diamondaremoreextremeatsubsonicthanat supersonic
speeds.

CONCLUDINGREMARKS

An exploratoryfree-fMghtinvestigationofrocket-powereddrag-
resesrchmodelshasbeenconductedat zeroliftfora Machnumberrange
of0.6to 1.7. Althoughtheblunt-trailing-edgeairfoilhadhighdrag
becauseofhighbasesuctionpressures,itisbelievedthatthedata
present~canbe usedinthedesignofmorenearlyoptimumblunt-base
airfoils. Thissuctionwasmuchgreaterthanthesuctionoverthebase
ofa bodyofrevolutionwithsimilarcrosssection.Thedataalsoindi-
catedthat,forthethreewingsof equalthichess,thecircular-arc
sectionhadthelowestdragat subsonicspeedsandthediamondsection
hadthelowestdragat supersonicspeeds.

LangleyAeronauticalLaboratory,
NationalAdvisoryCo.uunitteeforAeronautics,

LamgleyYield,Va.,Msy17,1950.
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(a)Plan-formtiew.

Figure1.-Photographshowinggeneralarrangementof skb-wingvehicleand
\ locaticmofpressureslits.
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(h) wing

Figurel.-

section.

Continued.

.- . ..-— ...— — .— -. — — —..—.———— —



!5

\

‘1

4’

(c)View of pressme611-M. (This Photigaph haE been retomh~ to emphaaize
pressure 81itS. The pressme slits sre actual~ 0.02 by 2.51inohes.)

me 1“- concl~~”
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Figure2.-Photographshowingplanformof diamond-wing-sectionvehicle.
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Figure 3.- ~otographshowingplantam ofcircular-rc-wtig-section
vehicle.
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Figure 5.- Rew’olds nwnber Wsed on wing chord of 0.798 foot plotted
against kch number.

,



‘$,

M

—
I

Figure 6..Base presmu+ coefficient for al.abwing, a bmly of revolution,

and limiting base pressure coefficient (mcuum) plotted against ~ch
number.
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Figure 7.- %tal~ coefficient plotted against Wch mmber for dab
configurationand a wlngles6 configuration. TOkl-drag coefficient
is baaed on =p3Bed wing area of 2(XJsquare inches.
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